INTRODUCTION
ORNL's Technical Testing and Analysis Center (TTAC) acquired a High Purity Germanium Detector (HPGe) from ORTEC -a variant called an Interchangeable Detection Module (IDM). This detector has excellent energy resolution as well as high intrinsic efficiency.
The purpose of this report is to detail the determination of the efficiency curve of the IDM, so future measurements can quantify the (otherwise unknown) activity of sources. Without such a curve, the activity cannot be directly reported by use of the IDM alone -a separate device such as an ion chamber would be required. This builds upon the capability of TTAC.
The method for determining the energy-dependent intrinsic efficiency is laid-out in the following sections. It's noteworthy that this basic technique can be applied to any spectroscopic radiation detector, independent of the specific type (e.g. NaI, CzT, ClYC).
GEOMETRY
The geometry of this measurement consists of only a few quantities, a positive consequence of symmetry. The center of the calibration sources were placed at the height of the center of the detector at a distance (r) much greater than the dimensions of the sources and detector (d). In this work, the nearest sources were placed at 1.25m from the detector, which is large compared to the detector diameter of 0.085 m.
The distance between sources and the detector is chosen such that the "point source approximation" can be made. This means that the source appears like a point source from the perspective of the detector, and that the solid angle subtended by the detector, from the perspective of the source can be adequately approximated by the ratio of the surface area of the detector to the surface area of a sphere of radius (r). Solid angle calculations are otherwise, generally, performed by Monte Carlo methods, which require programming and computing time. 
THEORY
The construction of an intrinsic efficiency curve is performed by illuminating a detector with radioactive sources of known strength. This efficiency curve is an intrinsic property of the detector -independent of distance and source strength -but its determination requires knowledge of all experimental variables. Once this information is gathered, it will not need to be done again and, measurements of the absolute activity of sources can be determined. The expression relating the measurable quantities follows:
Where N is the number of gamma rays detected, ϵ int is the intrinsic efficiency of the detector (the probability of detection for each energy), S is the activity of the radioactive source (in units of "per second"), I is the intensity of the particular gamma ray being studied, and Ω is the solid angle subtended by the detector from the perspective of a point source located at the center of a sphere of radius (r). The solid angle can be thought of as the fraction of all possible gamma ray trajectories impinging on the detector face. Rearranging the equation for ϵ int and inserting an expression for the total activity of the source for the duration of the measurement yields the following:
The solid angle can be a tricky quantity to calculate (often requiring Monte Carlo techniques), but can be easily approximated when the distance (r) between the source and detector is large compared with the detector area (and the source is small compared with the detector area). In this case, the solid angle can be written as the detector area (A) divided by the surface area of a sphere of radius (r). Inserting this into the intrinsic efficiency equations:
Inserting the detector area A, where d is the detector radius, and performing a little algebra yields the final form of the intrinsic efficiency equation: This is the equation used to generate the column called Intrinsic Efficiency in the tables, below -See Appendix -Data. Intensities in this equation were taken from a website that aggregates such data [2].
FITTING
A function that fits all the physics that goes into the intrinsic efficiency curve is not easy to find. The equation shown below was copied from literature [1] . The parameters in Table 2 are a result of an Excelbased optimization routine called "Solver" (note: this is an Add In, basically goal seek for multiple parameters). Tabulated results can be found in Appendix-Data. 
RESULTS
The intrinsic efficiency curve exhibits the expected characteristics, rising quickly to peak efficiency at around 120keV and tailing off at higher energies. A fit is especially useful for predicting the intrinsic efficiency of the detector for gamma ray energies, which lie between those already measured. Henceforth, this curve can be used to determine the activity of samples, by solving the intrinsic efficiency equation for source activity, thusly:
The intrinsic efficiency is written as an explicit function of energy as a visible reminder to consult the efficiency curve for each peak -see Section -Fitting Function for the parameter optimized fit. By the way, measurement of multiple gammas from a single source should yield the same source activity. The resolution is another parameter of interest, which can be directly calculated from the peak width and centroid -tabulated in Appendix Data. It's noteworthy that the absolute resolution increases (degrades), while the relative resolution decreases (improves), with incident gamma ray energy.
The functional (fitted) forms of these two resolution curves are much simpler than the one for efficiency (one is linear and the other is a power law). The fits were performed with all available data, in Excel.
R rel and R abs respectively represent the Relative Resolution and the Absolute Resolution.
APPENDIX -PEAK COUNT COLLECTION
The Peak Counts for the sources used in the determination of the intrinsic efficiency were collected by fitting a Gaussian distribution to the peaks and numerically integrating the fits. To save time, Peakeasy was employed after several fits were performed "by hand" in Excel and the results found to be well within 1% agreement. This is a straightforward method for collecting the peak counts and is an improvement on the ROI method because it directly yields the FWHM (2.35*σ) of the peaks. It's noteworthy that the "background" to the left and right of the peak are unequal -this is due to the fact that the left-hand background is a result of Compton scattering from the Photo peak, while the nearly-zero right-hand background is a reflection of the isolation of this peak relative to its higher-energy neighbors. So, this peak is not 'sitting on background', as is the case of other poorer-resolution detectors such as Sodium Iodide (NaI) and Poly Vinyl Toluene (PVT). 
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